Objective To determine the factors associated with participation in cervical cancer screening and follow-up treatment in the context of a randomized controlled trial. The trial was initiated to evaluate the efficacy and cost effectiveness of visual inspection with acetic acid, cytological screening and testing for human papillomavirus in reducing the incidence of and mortality from cervical cancer in Maharashtra, India. Methods Between October 1999 and November 2003 women aged 30-59 years were randomized to receive one of the three tests or to a control group. Participation was analysed for all three intervention arms. The differences between those who were screened versus those who were not was analysed according to the sociodemographic characteristics of the 100 800 eligible women invited for screening. Those who were treated versus those who were not were analysed according to the sociodemographic characteristics of the 932 women diagnosed with high-grade lesions. Participation in screening and compliance with treatment were also analysed according to the type of test used. Findings Compared with women who were not tested, screened women were younger (aged 30-39), better educated and had ever used contraception. A higher proportion of screened women were married and a lower proportion had never been pregnant. Of the 932 women diagnosed with high-grade lesions or invasive cancer, 85.3% (795) received treatment. Women with higher levels of education, who had had fewer pregnancies and those who were married were more likely to comply with treatment. There were no differences in rates of screening or compliance with treatment when results were analysed by the test received. Conclusion Irrespective of the test being used, good participation levels for cervical cancer screening can be achieved in rural areas of developing countries by using appropriate strategies to deliver services. Communication methods and delivery strategies aimed at encouraging older, less-educated women, who have less contact with reproductive services, are needed to further increase screening uptake. Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
Introduction
In developed countries, cervical cancer prevention programmes have been shown to be effective in reducing the incidence of and mortality from cervical cancer, while in developing countries, where these programmes exist, they have failed to meet their objectives due to logistical, financial and social problems. 1, 2 One key issue is to determine how to obtain high levels of attendance, which is essential to achieving adequate coverage. Barriers to screening uptake include a lack of knowledge about the disease, a lack of familiarity with the concept of prevention, the geographical and economic inaccessibility of care, the poor quality of services and a lack of support from husbands and families. 3, 4 Evidence indicates that to minimize Determinants of women's participation in cervical cancer screening trial, Maharashtra, India Bhagwan these barriers, strategies in low-resource settings should be socially and culturally appropriate. 3, 5 We carried out a population-based randomized controlled trial (RCT) comparing the effectiveness of cytological screening, testing for human papillomavirus (HPV) infection and visual inspection with acetic acid in reducing the incidence of and mortality from cervical cancer in rural India. 6 The project was community-focused and used a multicomponent strategy to deliver services; this strategy included using mobile clinics; providing socially adapted health education, good quality services and counselling; and involving community stakeholders and husbands in prevention activities. The satisfactory participation rates (around 79%), demonstrate the importance of using appropriate service delivery strategies to ensure adequate screening uptake in these settings. Nevertheless, 20% of women invited to participate did not accept the invitation to be screened, and 15% of those who tested positive did not agree to treatment. The analysis of sociodemographic determinants of participation and agreement to treatment is essential to help develop specific strategies to increase coverage; nevertheless, limited evidence exists about these issues in low-resource countries. We examined the sociodemographic characteristics associated with screening and agreement to treatment in the context of our RCT. The role of the different screening tests used was also examined. Visual inspection with acetic acid is a simple
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inexpensive test that can be provided by nurses. 7, 8 The causative relationship between HPV infection and cervical cancer 9 has encouraged the evaluation of HPV testing. 10 Although evidence now exists about the accuracy of these tests, 11, 12 limited data are available about the role they have as determinants of participation in population-based screening programmes.
This was a collaborative project between the Nargis Dutt Memorial Hospital (Barshi, India), the Tata Memorial Centre (Mumbai, India), and the International Agency for Research on Cancer (Lyon, France).
Methods

Setting
The project area covers four subdistricts of the Osmanabad district in Maharashtra state. This underdeveloped rural region has a high incidence of cervical cancer (age standardized rate = 27.4/100 000 women). 13 The literacy level is low at 58%.
14 Health care is administered through primary health centres and rural hospitals. The area has a cancer hospital, the Nargis Dutt Memorial Hospital, which receives technical guidance from the Tata Memorial Centre. The study took place between October 1999 and November 2003.
Design
An extensive description of the trial has been published elsewhere. 6 The study was a cluster RCT of 497 rural villages in the Osmanabad district; these were grouped into 52 clusters based on primary health centres. Clusters were randomized into four arms: visual inspection with acetic acid, cytological screening, HPV testing and control group. Healthy women aged 30-59 years from the villages in the intervention arms were eligible to participate in the study. All households and residents in the study villages were enumerated, using a household survey, to identify eligible women who were subsequently invited for screening. Women in the control arm were given information on cervical cancer prevention and advice on how to avail themselves of such services; for the purpose of this paper they are excluded from the analysis. A central clinic was established at the Nargis Dutt Memorial Hospital with facilities for diagnosis and treatment.
Service delivery strategy
Services were delivered using a multicomponent strategy to increase participation: the core components were common to all arms. These included providing adequate project staffing, involving community members and husbands, using face-to-face invitations, providing locally adapted health education as well as counselling both before and after screening and treatment, ensuring that privacy and hygiene were maintained, ensuring that screening and treatment were provided free of charge, and providing free transportation to the central clinic. An in-depth description of the community focus that underlies the service delivery strategy can be found in Coffey et al. 3 Staff included medical officers and both male health workers and female health workers. Staff had different responsibilities according to their training, background and sex. Female health workers were mainly in charge of inviting women and providing health education and counselling; male health workers organized the clinics and liaised with husbands and community leaders. Before the study began project staff met district and health authorities, primary health workers and community leaders. They explained the aims of the study and invited them to participate in project activities, emphasizing their role in encouraging women to participate in screening.
Before the screening clinic was held, two female health workers, accompanied by community leaders, visited households and invited eligible women to attend the clinic. Informed consent was obtained, and socioeconomic and reproductive data were collected using a pre-tested questionnaire. While the female health workers invited women to participate, community leaders talked to husbands and emphasized the importance of screening. In the HPV arm, female health workers explained in simple, reassuring words how the test could detect a common viral infection that may lead to cervical cancer.
Women from all of the study arms were invited to a meeting led by female health workers in each village, where the purpose and characteristics of the screening were explained again and women could ask questions. On the evening before the clinic (which lasted for one day), a third health education meeting was organized in each community for women and their families. During this meeting, village leaders talked to the public to express their support and invited men to support women's decisions to be screened. A film about cervical cancer prevention, made in the popular Indian cinematography style, was also shown. (Copies of health education materials used in the project are available from the corresponding author.)
Clinics were organized in villages; they were mobile and sited in places such as primary health centres and schools. Women in the visual inspection by acetic acid arm were seen by female nurses. This was followed by colposcopy during the same session for those who were acetopositive. Women with abnormal colposcopic results had biopsies and were given an appointment at the central clinic for treatment. Counselling was provided by female health workers who explained the test results and the purpose of follow-up.
In the cytological and HPV screening arms, female nurses took specimens and sent them to the project's laboratories for analysis. Two female health workers visited women with atypical squamous cells of unknown significance, low-grade squamous intraepithelial lesions, highgrade squamous intraepithelial lesions and invasive cancer in the cytological screening arm and those who were testpositive in the HPV arm to explain the results and make an appointment for colposcopy at the central clinic.
In all intervention arms women with a reproductive tract infection or anaemia were given medication.
Treatment was provided at the central clinic for all intervention arms. Women were offered cryotherapy, the loop electrosurgical excision procedure or conization (cone biopsy) depending on the clinical extent of their lesions. 6 Women from the cytological and HPV screening arms who had colposcopically diagnosed high-grade lesions and were eligible for cryotherapy, were offered treatment during the same session as colposcopy. Biopsies were taken from screen-positive women after colposcopy, but treatment was provided based on colposcopic results. In all intervention arms, cryotherapy was performed on an ambulatory basis. Women treated with loop electrosurgical excision or conization stayed overnight at the hospital. Women with low-grade lesions were given the option of follow-up, but those wishing to receive treatment were given it. Counselling was provided to all women both before and after treatment. Transportation to the hospital was provided free of charge.
Data analysis
Data entry was carried out using a Microsoft Access 2000 database. Data analysis was carried out using Stata statistical software version 7.0. Participation in the intervention arms was evaluated as the proportion of women invited to screening and who actually received screening.
Compliance with treatment was evaluated as the proportion of women with high-grade lesions and invasive cancer who actually received treatment. Univariate and stepwise multivariate logistic regression analyses were used to evaluate the effects of the socioeconomic and reproductive characteristics of women on their participation in screening and compliance with treatment by estimating odds ratios and their 95% confidence intervals. The model used an entry criterion of P = 0.05 and removal criterion of P = 0.051 to calculate adjusted odds ratios. Variables that did not fulfil these criteria were removed from the model.
Findings
Of the initial 109 005 enumerated women in the intervention arms, 105 135 completed the individual survey and were invited to participate. Of these, 4335 (4.1%) were considered ineligible due to medical reasons (for example, having had a hysterectomy), leaving 100 800 eligible women who were invited for screening.
Of the 100 800 invited women, 79 449 (78.8%) were screened. The socioeconomic characteristics of screened and unscreened women in the intervention groups are presented in Table 1 . Compared with women who were not tested, screened women were younger (aged 30-39), better educated, and had ever used contraception. A higher proportion of screened women were married and a lower proportion had never been pregnant. Overall, only 8 women had ever been screened for cervical cancer before our study.
In the multivariate analysis (Table  2) , the variables for age, marital status, level of education, household size, parity and contraceptive use were significantly associated with participation. Attendance for screening was higher among women who were young, married, or had higher levels of education; those liv- ing in households with 3-4 people; and those who had ever used contraception. The type of test did not appear to be a significant predictor of participation. Of the 932 screened women with colposcopically diagnosed high-grade lesions and invasive cancer, 795 (85.3%) received treatment (Table 3 ). In the multivariate analysis, parity (number of pregnancies), marital status and educational level were significantly associated with compliance with treatment. Women with higher levels of education, fewer pregnancies and those who were married were more likely to comply with treatment. The type of screening test did not appear to be a significant predictor of compliance.
Discussion
This paper presents new data about sociodemographic variations in the uptake of cervical cancer screening in a large population-based programme carried out in a developing country; information on these variations is essential to help identify underserved women. Our service delivery strategy was designed to reduce the main barriers to screening, including the poor quality of health resources, economic and social inaccessibility, lack of knowledge about preventing cervical cancer, difficulties in paying for services and the social stigma associated with reproductive health problems. 5, 15, 16 Our study showed that despite a satisfactory general level of participation (79%), women with a specific sociodemographic profile were still less likely to participate in the programme. The lowest rate of participation was found among nulliparous women. In addition, women who used contraception were more likely to participate. Having had a higher number of pregnancies, using family planning and having contact with the health-care system have been found to be associated with an increased use of screening services, 7, [17] [18] [19] indicating that previous contacts with reproductive health services may increase awareness, making women more responsive to cervical cancer screening.
Increasing age has been found to be associated with a decreased use of screening services in several studies carried out in different settings. [20] [21] [22] This has been confirmed in rural India in a study that screened with visual inspection with acetic acid. 7 It has been suggested that older women may be less responsive to awareness activities because they believe that detection and treatment make no difference to them. 23 Therefore, strategies to promote cervical cancer screening should pay particular attention to incorporating messages specifically targeted at older women.
Our finding that married women are more likely to be screened is consistent with previous studies in India and other low-resource settings. 7, 20 Two proposed reasons are: first, married women may receive more frequent obstetric or gynaecological care, making them more responsive to reproductive health care; 24 and second, a key factor in a woman's decision to participate in cervical cancer prevention services is her husband's positive emotional support. 5 We believe that reasons related to social stigma should also be explored. In effect, cervical cancer is often associated with sexually transmitted infections. 5 Because sexual relationships outside marriage are not culturally accepted in many rural areas of India, 25 unmarried women may have
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Women's participation in cervical cancer screening Bhagwan Nene et al. The total number of pregnancies was re-categorized because only nine women who had never been pregnant were prescribed treatment.
refused to be screened out of fear of the potential social stigma they would suffer if they had a test perceived to be used for sexually active women. Despite the social stigma attached to screening for unmarried women, most unmarried women in this study (73%) were screened. One key activity that was aimed at reducing this barrier was the involvement of community leaders: they encouraged men to support women's participation irrespective of their age and marital status. Women who were less educated were less likely to participate in screening, a finding that is consistent with previous reports. 7, 21, 26 Previous research on the relationship between socioeconomic factors and the use of health services has shown that education influences screening behaviour through its effects on income and through its association with individual knowledge about cancer screening. 27 Because the screening procedure was free of charge, and no transport costs were involved, we believe that the economic constraints often associated with low levels of education were not the main barrier. The fact that living in a thatched house, which was used as an indicator of low income level, was not associated with screening strengthens this hypothesis. It has been shown that women are less likely to be screened when they do not understand what is being asked of them or do not recognize the importance of recommendations. 28, 29 A study in the United Kingdom found that reasons for nonparticipation included lacking awareness of the benefits of the test, considering oneself not at risk and fearing embarrassment. 30 The association between
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education and participation found in our study might reflect the difficulties that women with less education have in understanding the benefits of screening. However, Bradley et al. pointed out that providing an adequate prevention message does not simply mean providing information, it involves a process of filtering and reconstructing concepts in the context of women's lives. 26 The health-seeking behaviour of many of the women in this setting is guided by traditional notions of ill health; many of them are not sure about the healing provided by modern medicine. 26 Thus, communication problems that arose from differences among conceptions of health may also have contributed to the association between low levels of education and reduced participation.
Participation rates were similar in all arms, demonstrating that good coverage can be achieved irrespective of the test used if locally appropriate service delivery strategies are implemented. This is the first evidence of the high acceptability of HPV testing in a population-based project carried out in a low-resource setting. Our results also confirm that the use of a simple low-cost test, such as visual inspection with acetic acid, is acceptable to women. 7, 8, 31 There is little evidence about determinants of compliance with follow-up treatment in developing countries. 32, 33 In our study, the lowest compliance rate was found among unmarried women, those with low levels of education and those with a higher number of pregnancies. In many cases the association between low levels of education and reduced access to care signals the presence of economic barriers to follow-up care. However, in this study treatment was provided free of charge and transport to the central clinic was assured. These elements suggest that the economic barriers usually associated with low levels of education among participants are not likely to explain the reduced compliance with follow-up among less-educated women. Aspects of physician-patient communication and the content of that communication may play a large part in delaying the follow-up of abnormal screening results or the lack of followup. 34 Some studies have reported that patients with abnormal screening results were confused and did not understand the information provided by the physician or nurse. 34, 35 Thus, the reduced compliance among less-educated women might have been the result of inadequate communication between the woman and her health worker, and this may have occurred despite our efforts to provide appropriate counselling. Cultural factors also affect women's ability to make decisions since husbands and mothersin-law often have to be consulted before any treatment can be accepted. 36 The autonomy a woman has to make decisions has been positively associated with the use of reproductive health services. 37 However, it is not clear whether this relationship is mediated through education. A study carried out in Pakistan found that contraceptive use was strongly associated with a woman's educational level but this relation was not mediated by women's autonomy. 38 We do not know to what extent the reduced compliance of less-educated women resulted from a lack of autonomy, but clearly efforts are needed to ensure that there is family support for treatment.
Contrary to what was observed in the analysis of the determinants of participation in screening, we found an association between a higher number of pregnancies and lower compliance with treatment. Women had to travel to be treated, making treatment a more time consuming procedure than screening; additionally, women receiving loop electrosurgical excision had to stay overnight, interrupting their usual obligations for almost two days. Studies have shown that family constraints, such as having to take care of children, are major barriers to treatment 21, 39 because women attend clinics only when they can negotiate their home responsibilities. 5 In a study that analysed barriers to screening among Asian women in the United Kingdom, the need for childcare was reported to be the main barrier. 40 Thus, women with more children may have found it more difficult to take the time needed to receive treatment.
After controlling for sociodemographic factors, compliance with treatment was not influenced by which test was provided. However, as has been previously reported, compliance with colposcopy among women who were positive on screening was significantly different between arms (visual inspection = 98.6% (3682/3731); cytological screening = 87.1% (1559/1790); HPV testing = 88.1% (2475/2812); P < 0.001). 6 In the visual inspection with acetic acid arm, colposcopy was carried out at the clinic immediately after the test; in the HPV and cytological screening arms women had to be visited to be informed of the test results and given an appointment for colposcopy at the hospital. Our data suggest that having to contact women again and the use of an extra follow-up appointment reduces compliance with colposcopy but not with treatment once women accept colposcopy. This indicates that visual inspection with acetic acid, which can be coupled with immediate colposcopy and eventually treatment, has a programmatic potential to reduce follow-up visits and, therefore, reduce loss to follow-up.
Our study has some limitations. First, it was not possible to trace 4% of the enumerated eligible women, thus, they were not invited to participate. Therefore, despite a participation rate of around 79%, coverage was somehow lower (around 76%). Because no sociodemographic data were collected for these women, they were not included in our analysis. Efforts should be made to determine their sociodemographic profile and to understand why they never received an invitation. Second, the study did not measure compliance with treatment according to the type of treatment. In the HPV and cytological screening arms, cryotherapy was offered in the same session as colposcopy, whereas an additional appointment was needed for loop electrosurgical excision. Moreover, women treated with loop electrosurgical excision stayed overnight in the hospital while cryotherapy was performed on an outpatient basis. These different patterns may have some bearing on the levels of compliance.
Conclusion
Our study indicates that irrespective of the test used, a good rate of participation can be achieved in rural areas of developing countries through the use of appropriate service delivery mechanisms. However, visual inspection methods have the potential to reduce loss to follow-up and, therefore, increase coverage. Communication methods and delivery strategies aimed at encouraging older less-educated women, who have less contact with reproductive health services, are needed to further increase screening uptake. 
Resumen
Factores determinantes de la participación de las mujeres en un ensayo de cribado del cáncer cervicouterino en Maharashtra, India
Objetivo Determinar los factores asociados a la participación en el cribado y el tratamiento de seguimiento del cáncer cervicouterino en el contexto de un ensayo controlado aleatorizado. Se emprendió este ensayo a fin de evaluar la eficacia y la relación costo/eficacia de la inspección visual con ácido acético, el cribado citológico y el análisis de la presencia de papilomavirus humano como medios para reducir la incidencia de cáncer cervicouterino y la mortalidad por esa causa en Maharashtra, India. Métodos Entre octubre de 1999 y noviembre de 2003 se distribuyó aleatoriamente a una muestra de mujeres de 30 a 59 años para que se sometiera a una de las tres pruebas o formara parte del grupo testigo. Se analizó la participación para los tres tipos de intervención. Las diferencias entre las mujeres sometidas a cribado y las demás se analizaron en función de las características sociodemográficas de las 100 800 mujeres elegibles invitadas a someterse al tamizaje. El análisis comparativo de las tratadas y las no tratadas se realizó en función de las características sociodemográficas de las 932 mujeres a las que se les diagnosticaron lesiones de gran malignidad. La participación en el cribado y el cumplimiento del tratamiento se analizaron también según el tipo de prueba utilizada.
Resultados En comparación con las mujeres no sometidas a análisis, las mujeres cribadas eran más jóvenes (30-39 años), tenían un mayor nivel de estudios y habían usado anticonceptivos con más frecuencia. Una mayor proporción de las mujeres sometidas a cribado estaban casadas, y una proporción inferior no había estado nunca embarazada. De las 932 mujeres a las que se les diagnosticaron lesiones de gran malignidad o cáncer invasivo, el 85,3% (795) recibieron tratamiento. Las mujeres con mayor nivel de instrucción, que habían tenido menos embarazos y que estaban casadas tenían más probabilidades de seguir el tratamiento. Cuando se procedió a analizar los resultados en función de la prueba realizada, no se observó ninguna diferencia en cuanto a las tasas de cribado o la observancia del tratamiento. Conclusión Independientemente de la prueba utilizada, si se usan las estrategias apropiadas para dispensar los servicios, es posible lograr un buen nivel de participación en el cribado del cáncer cervicouterino. Si se desea aumentar la participación en las iniciativas de cribado, se necesitan métodos de comunicación y estrategias de prestación de servicios que motiven a las mujeres de más edad, con menor nivel de instrucción y con menor contacto con los servicios de atención reproductiva.
